Differential regulation of the Fe-hydrogenase during anaerobic adaptation in the green alga Chlamydomonas reinhardtii.
Chlamydomonas reinhardtii, a unicellular green alga, contains a hydrogenase enzyme, which is induced by anaerobic adaptation of the cells. Using the suppression subtractive hybridization (SSH) approach, the differential expression of genes under anaerobiosis was analyzed. A PCR fragment with similarity to the genes of bacterial Fe-hydrogenases was isolated and used to screen an anaerobic cDNA expression library of C. reinhardtii. The cDNA sequence of hydA contains a 1494-bp ORF encoding a protein with an apparent molecular mass of 53.1 kDa. The transcription of the hydrogenase gene is very rapidly induced during anaerobic adaptation of the cells. The deduced amino-acid sequence corresponds to two polypeptide sequences determined by sequence analysis of the isolated native protein. The Fe-hydrogenase contains a short transit peptide of 56 amino acids, which routes the hydrogenase to the chloroplast stroma. The isolated protein belongs to a new class of Fe-hydrogenases. All four cysteine residues and 12 other amino acids, which are strictly conserved in the active site (H-cluster) of Fe-hydrogenases, have been identified. The N-terminus of the C. reinhardtii protein is markedly truncated compared to other non-algal Fe-hydrogenases. Further conserved cysteines that coordinate additional Fe-S-cluster in other Fe-hydrogenases are missing. Ferredoxin PetF, the natural electron donor, links the hydrogenase from C. reinhardtii to the photosynthetic electron transport chain. The hydrogenase enables the survival of the green algae under anaerobic conditions by transferring the electrons from reducing equivalents to the enzyme.